Introduction
Electromyographic (EMG) activity of the uterus has been recorded from pregnant sheep (Harding era/., 1982; Krishnamurtieifl/., 1982; Toutaineera/., 1983) , pregnant goats (Taverne &Sheerboom, 1984) , pregnant sows (Taverne et al, 1979a) , pregnant cows (Zerobin & Sporri, 1972) and from the non-pregnant cyclic mare (Taverne et al, 1979b) . Despite the relatively unusual nature of the hormonal environment present in the mare during pregnancy, no attempt has been made previously to describe the electrical and contractile activity of the myometrium during this stage.
Progesterone and oestradiol-17ß fluctuate throughout pregnancy in the mare with progesterone at high concentrations early in pregnancy (Holtan et al, 1975) and oestrogens (Nett et al, 1973) , including oestradiol-17ß (Haluska, 1985) , at very high concentrations early in the second half of pregnancy. The timing of the major increase and decrease in oestradiol-17ß in terms of day of pregnancy has also been shown to vary between mares, and the concentration of this hormone seems to be related to photoperiod (Haluska, 1985) . Plasma concentrations of relaxin increase and remain elevated throughout the second half of pregnancy (Stewart & Stabenfeldt, 1981) . Relaxin decreases spontaneous uterine activity in other species (Porter, 1972; Schwabe et al, 1978; Porter et al, 1981; Prud'homme et al, 1983) . Finally, 13,14-dihydro-15-keto-prostaglandin F-2a (PGFM) is known to be elevated during the second half of pregnancy in mares (Barnes et al, 1978; Haluska, 1985) . These four hormones have been implicated in myometrial function. This report presents EMG data collected from mares during pregnancy and will correlate the EMG data with previously reported changes in the concentrations of the four principal myometrial regulatory hormones. Parts of the results have been reported in abstract form (Haluska et al, 1983 ).
Materials and Methods
Animals. Animal care and daily operational procedures were as described by Haluska et al (1987 Fig. 2(b) . There was a significant (P < 005) positive correlation (r = 0-69) between % Q and % SB. SB activity was greatest during periods of relative myometrial quiescence, but was considered to be of little, if any, physiological significance.
Medium-burst (MB) activity for the stages between Days 141-160, 201-220, 221-240 and 281-300 were significantly (P < 0-001) greater than all other stages of pregnancy. During the final stage (Days 301-320), there was a striking decrease (P < 0001) in MB activity to 17-6 ± 2-5% as seen in Fig. 2(c) .
Long-burst (LB) activity was at its highest level during the early stages analysed, as shown in Fig. 2(d) . There was a significant (P < 0001) decrease in LB activity from about 18% in early pregnancy to <2% during the final stage of pregnancy.
Frequency of EMG activity
The frequencies of MB and LB activities were significantly (P < 001) and positively correlated with their respective % activities (MB, r = 0-78; LB, r = 0-96) (Fig. 3) (Fig. 4) and the frequency mimicked the general pattern of change shown in Fig. 2(d (15-9 + 0-9 sec). Duration of LB activity also showed a progressive decrease that was significant at < 005. The longest bursts occurred in the first stage of pregnancy examined (271-8 ± 53-6 sec), compared to bursts lasting 158-6 + 19-5 sec in the final stages of pregnancy.
Discussion
The unusual steroid endocrinology of the pregnant mare was the stimulus for this study. The drastic changes in the relative plasma concentrations of oestradiol to progesterone seen at midpregnancy in the mare (a change comparable to that normally seen at parturition in other species), suggested that the mare may be a good model for studying the control of uterine function during pregnancy, and also raised many questions of managerial and clinical significance for the horse.
Chronically implanted bipolar electrodes as used here may be prone to impedance changes which could bias long-term trends in amplitude of potentials. The primary analysis was based on percentage of time that each category of bursts occupied, the parameter least likely to be influenced by possible changes in electrode characteristics. Our observations are confined to once daily 2-h periods of analysis, intentionally chosen to minimize environmental artefacts as indicated by the recordings in Fig. 1 . This precludes any consideration of possible diurnal changes in activity; some indications of a circadian rhythm in electromyographic activity were apparent during the last days before parturition (Haluska et al, 1987) .
One of the most important observations ofthis study is that the myometrium of the pregnant mare becomes increasingly more quiescent as pregnancy progresses. In mid-pregnancy the myometrium is electrically active 66% of the time while in late pregnancy it is active only 30% of the time. Since progesterone is at its lowest values and the oestrogens are at their highest concentrations during the last third of pregnancy, some additional factor could be responsible for the control of myometrial activity which, in many species, is attributed mainly to the sustained influence of progesterone.
A likely factor for this function is the peptide hormone, relaxin. Relaxin has been shown to inhibit spontaneous myometrial activity in the rat, mouse, hamster, human (Schwabe et al, 1978) , guinea-pig (Porter, 1972) , and sheep (Porter et al, 1981; Prud'homme et al, 1983) . Relaxin also mimics the effects of progesterone in maintaining distensibility of the uterus (Currie, 1979) , pre¬ sumably by affecting the connective tissue components of the uterus. Furthermore, relaxin and progesterone, which independently are ineffective, together inhibit contraction amplitude of human myometrial strips in vitro (Beck et al, 1982) . Relaxin is produced by the horse placenta (Stewart & Stabenfeldt, 1982) . In pregnant mares, peripheral plasma concentrations of relaxin increase signifi¬ cantly between Days 76 and 100 from undetectable values and thereafter remain elevated until parturition (Stewart & Stabenfeldt, 1981) . Plasma concentrations of relaxin increase as those of progesterone decrease from the high levels of early pregnancy; oestrogens, also of placental origin, are increasing at the same time. If the effects of relaxin on the myometrium are the same in the mare as in the species noted above, a suppression of spontaneous activity would be expected, leading to a more quiescent uterus. If relaxin does maintain distensibility of the uterus, the mechanical consequences of any remaining electrical events would be dampened.
The tendency towards decreased excitability during the second half of pregnancy in the pony mares is confounded by increased concentrations ofboth oestradiol-17ß and increased prostaglandin (PG) F-2a, as measured by PGFM values (Barnes et al, 1978; Haluska, 1985) . increases the excitability of myometrium and this prostanoid is present at very high levels at parturition in mares (Barnes et al, 1978; Haluska, 1985) . Despite this, PGF-2a seems to have little effect on the myometrium until term. The lack of effect of PGF-2a is also evident from the failure of exogenous PGs in provoking delivery until term (Leadon et al, 1982) . The increase in progesterone during late pregnancy in mares (Holtan et al, 1975; Haluska, 1985) , added to the inhibitory effect of relaxin, may prevent the endogenous PGF-2a from having an excitatory effect.
The striking degree of similarity between % activity and frequency in all types of electromyo¬ graphic activity indicates that changes in % activity are due primarily to changes in frequency of bursts. At Days 200-240, the frequency of medium burst activity reached its highest level during pregnancy, while the duration of these bursts decreased. The frequency of high-amplitude medium bursts was greatest at this time and qualitative evaluation showed the activity to be synchronized over all electrode sites. Thus, when the oestradiol-17ß:progesterone ratio changes in favour of oestradiol in mid-pregnancy, the predominant type of activity of the myometrium is high-amplitude, high frequency bursts lasting about 20 sec, a profile characteristic of parturition in many species.
The changes in EMG activity described above are similar to the changes obtained by Csapo & Takeda (1965) in rabbits exposed to progesterone withdrawal. In all cases, EMG activity changed after withdrawal of progesterone, from low-amplitude long bursts of activity which generated negligible intrauterine pressure, to synchronous, high-amplitude shorter bursts (15-20 sec) which generated 20-25 mmHg of intrauterine pressure. Csapo & Takeda (1965) also noted that the rate of rise of pressure was more rapid with shorter bursts. This indicates that the smooth muscle cells of the myometrium are better electro-coupled and are working as a syncytium rather than in a nonpropagating, asynchronous fashion, as characterized by long trains of low amplitude spike activity. Taverne et al. (1979b) observed that EMG activity in the cyclic mare seems to be related to the peripheral concentrations of progesterone, with little apparent correlation with the concentration of oestrogen. It would seem that this situation also exists in the pregnant mare, since EMG activity for individual mares shows similar trends throughout pregnancy. The average plasma concentration of progesterone decreases to reach consistently low levels by Day 200. However, the changes in oestradiol-17ß concentrations for individual mares are not consistent with day of pregnancy (Haluska, 1985) . As pregnancy progresses there is a significant decrease in all EMG activity despite the fact that oestradiol-17ß is present in the peripheral circulation, and at extraordinarily high concentrations in some of the mares. Since there is every indication that the myometrium responds to the changes in oestradiokprogesterone ratio, we suggest that relaxin plays a critical role during the second half of pregnancy to inhibit spontaneous mechanical activity as required for the maintenance of pregnancy in mares.
